This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. Results: A total of 275 subjects were included in the analysis: 235 survived for at least 30 days; the remaining 40 subjects died within 30 days. The patients who died within 30 days had higher ICH score, larger ICH volume, and lower GCS score (all P < 0.05). In comparison with the baseline (NLR T1 ), NLR at 24-48 hours (NLR T2 ) and 5-7 days (NLR T3 ) was significantly higher in patients who died within 30 days (P < 0.05), but not in patients surviving for >30 days. In the multivariate analysis, the 30-day mortality was associated with both NLR T2 (OR 1.112, 95%CI 1.032-1.199, P = 0.006) and NLR T3 (OR 1.163, 95%CI 1.067-1.268, P = 0.001). Spearman correlation analysis showed that both NLR T2 and NLR T3 correlated inversely with GCS score and positively with ICH score and ICH volume at the baseline.
Summary
Aims: To examine whether early rise of neutrophil-to-lymphocyte ratio (NLR) after patient hospitalization correlates with 30-day mortality in patients with spontaneous intracerebral hemorrhage (ICH). Results: A total of 275 subjects were included in the analysis: 235 survived for at least 30 days; the remaining 40 subjects died within 30 days. The patients who died within 30 days had higher ICH score, larger ICH volume, and lower GCS score (all P < 0.05). In comparison with the baseline (NLR T1 ), NLR at 24-48 hours (NLR T2 ) and 5-7 days (NLR T3 ) was significantly higher in patients who died within 30 days (P < 0.05), but not in patients surviving for >30 days. In the multivariate analysis, the 30-day mortality was associated with both NLR T2 (OR 1.112, 95%CI 1.032-1.199, P = 0.006) and NLR T3 (OR 1.163, 95%CI 1.067-1.268, P = 0.001). Spearman correlation analysis showed that both NLR T2 and NLR T3 correlated inversely with GCS score and positively with ICH score and ICH volume at the baseline.
Methods

Conclusions:
Early rise of NLR predicts 30-day mortality in patients with spontaneous ICH.
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| INTRODUC TI ON
| ME THODS
| Study subjects
The initial screen included 307 patients receiving treating for 
| Study methods
Demographic information, medical history (eg, hypertension and diabetes), Glasgow coma scale (GCS) score, and head CT scan results were retrieved from medical records. Hemorrhage location was recorded as supra-vs infratentorial based on head CT. Hematoma volume was calculated using the ABC/2 software 19 and the formula a × b × c × 1/2, where a refers to hematoma thickness, and b and c refer to the largest vertical diameters of the high-intensity region on CT scan. ICH score was calculated based on clinical data and CT results. 20 Venous blood was obtained at admission (T1; n = 275), at 24-48 hours after admission (T2; n = 268), and at 5-7 days after admission (T3; n = 256). For comparison, study subjects were divided artificially into a subgroup surviving for > 30 days (n = 235) vs a subgroup who died within 30 days (n = 40).
| Statistical methods
Data were analyzed using SPSS 19.0 (IBM, Chicago, IL, USA). All continuous variables are expressed as median (interquartile range, IQR) and were analyzed using the nonparametric Mann-Whitney test. Categorical data are expressed as frequencies and were analyzed using the chi-squared test. Changes of NLR over time were examined using repeated-measurements test. Spearman correlation was used to analyze factors associated with NLR. Multivariate logistic regression was used to identify risk factors for 30-day mortality.
P < 0.05 was considered statistically significant.
| Ethical approval
The study protocol was approved by the Ethics Review Board of Jiading District Central Hospital (2017-ZD-03). All subjects were de-anonymized. Written informed consent was waived by the Ethics Review Board.
| RE SULTS
A total of 275 subjects were included in the analysis: 235 survived for at least 30 days; the remaining 40 subjects died within 30 days.
In comparison with those who survived for at least 30 days, subjects who died within 30 days had significantly lower GCS score, higher score, and hemorrhage volume (P < 0.05 for all; Table 1 ).
The two groups had comparable NLR at admission (Figure 1 ). In subjects who died within 30 days, early increase in NLR was apparent: NLR was 2.4 (1.4-6.9) upon admission (T1), 11.3 (8.0-19.4) at 24-48 hours (T2), and 12.9 (3.2-20.1) at 5-7 days (T3; P = 0.037). In the subjects who survived for at least 30 days, NLR remained relatively stable: 3.3 (1.9-6.1) at T1, 4.9 (2.8-7.9) at T2, and 4.2 (2.5-6.3) at T3
(P = 0.122). At both T2 and T3, NLR was significantly higher in those who died within 30 days (P < 0.05).
In multivariate regression, ICH volume, NLR T2 , and NLR T3 were independent risk factors for 30-day mortality, even after adjustment for other variables (Table 2) . NLR T1 was not associated with 30-day mortality.
Spearman correlation analysis showed that NLR T2 and NLR T3 correlated positively with hemorrhage volume, ICH scores, and mortality, and negatively with GCS score (all P < 0.05; Table 3 ). NLR T1 did not correlate with any variables.
| D ISCUSS I ON
The present study found early increase in NLR after admission in subjects who died within 30 days. NLR within the first week after admission (both 24-48 hours and 5-7 days), but not upon admission,
closely correlated with 30-day mortality.
Inflammatory response plays an important role in spontaneous ICH. Higher number of leukocytes, neutrophils, mononuclear cells, and other inflammatory cells correlates with poorer prognosis.
21-23
As a surrogate marker for inflammation, NLR is not influenced by exercise and dehydration. 24 In patients with spontaneous ICH, NLR is closely related to enlargement of hematoma 17 and predicts 30-day morbidity and mortality. 13 Increased NLR is also related to increased 90-day morbidity and mortality and decreased quality of life, 14 and has been shown to be an independent risk for ICH development in diabetic patients. 25 NLR increases with severity of hemorrhagic transformation and with time following cerebral thrombolysis. 15 Given that fact that inflammation occurs through all stages in patients with spontaneous ICH, 26 it is reasonable to after ICH, macrophages start to infiltrate the hematoma, with a plateau at 7-10 days after ICH. 31 In the current study, both NLR and ICH volume increased at 24 hours after ICH; such changes may reflect infiltration of inflammatory cells around the hematoma. We also found that NLR positively correlated with ICH volume, which is an important determinant of ICH mortality.
In contrast to the early NLR increase in subjects who died within 30 days, patients who survived had relatively stable NLR level within the first week after hospitalization, emphasizing the need to monitor the dynamic changes in NLR within this period of time. Upon ICH, inflammatory cells that infiltrate the lesions and surrounding tissues activate glial cells, which in turn release proinflammatory cytokines, thus forming a vicious cycle. 32 Starting approximately 24 hours after ICH onset, the release of cytotoxic substances including hemoglobin, heme, and iron further aggravates the condition. 33 With the progression of ICH, apoptosis of cells become apparent, thus worsening the inflammatory response. 34 In the current study as well as an earlier report from this group of researchers, NLR at the time of admission (roughly 6 hours after disease onset) did not correlate with 30-day mortality. Such findings possibly reflect delayed inflammatory response in elderly patients. 35 The current study has several limitations. First, its retrospective design and relatively small sample prevent conclusions about the potentially causal relationships. Second, the study was conducted based on patients hospitalized in a secondary hospital away from major metropolitan centers. As a result, subjects in the current Lack of difference in the presence of IVH between the 2 groups could be due to the relatively low rate of IVH in the current study (25.8%) vs 55% in the Hemphill study, 20 which in turn, could have attributed to the low mortality.
| CON CLUS ION
In summary, the current study indicated substantial rise in NLR within the first week after hospitalization, but only in those died within 30 days and not in those surviving beyond 30 days. Future prospective studies are needed to validate this finding. Also, the mechanisms underlying such an association need further investigation. 
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